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METHOD OF QUANTITATIVE EMISSION SPECTRAL ANALYSIS 
ON THE MAXIMAL INTENSITY OF SPECTRAL LINES 

I N  THE PROCESS OF BURNING A SUBSTANCE 

BASED 

A.G.Nepokoychitskiy and A.A.Yankovskip 

An empirical formula i s  derived f o r  describing the change in 
the spectral  l ine  h t e n s i t y  d x r i i i  combustion of a measured 
quantity of substance under the e f fec t  of an e l e c t r i c  dis- 
charge, based on the correlation between in tens i ty  a t  the in- 
stant of in tens i ty  increase, rate of burning, rate of increase 
i n  in tens i ty  under the experimental conditions used, and time. 
The formula i s  applied t o  quantitative emission analysis of a 
measured substance and t o  analysis of monolithic specimens of 
copper-zinc al loys of differing zinc contents. 
based on the maximum line intensi ty  during combustion of the 
substance, permits an increase i n  sens i t iv i ty  and a reduction 
in time of spectral  analysis over conventional methods using 
the in t eg ra l  line in tens i ty  without time resolution of the 
spectra . 

The method, 

The method of t o t a l  combustion of a measured quantity of a substance a p  
' pl ied  t o  electrodes i s  often used in spectral  analysis. 

On the  basis of the method of l lspectral  energies11 the integral in tens i ty  of 
the  spec t ra l  lines of the  studied element, obtained upon complete combustion of 
the  analyzed substance, i s  taken as a measure of the  concentration of the ele- 
ment i n  the  sample. 

O u r  investigations (Ref.1) showed that a change in the intensi ty  of t he  
spec t ra l  l i n e  during burning of a measured quantity of substance under the ef- 
f e c t  of an e l ec t r i c  discharge can be described empirically by the derived de- 
pendence 

( 1) i =ig-at ( l  --e - P t  ), 

where i i s  the in tens i ty  of the spectral  l i ne ;  ia i s  the in tens i ty  of the spec- 
t r a l  line a t  the i n i t i a l  instant f o r  the case of an instantaneous increase in 
in tens i ty ;  cy and B a re  constants respectively characterizing the r a t e  of burning 
of the substance and the  r a t e  of increase in in t ens i ty  of the spectral  line and 
dependent on the conditions of analysis; t i s  the time. 

According t o  eq.(l), the integral intensi ty  of  the spectral  l i n e  upon com- 
~~ 
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p le t e  burn-up of the substance i s  equal t o  

It a lso  follows from eq.(l) thak during burning 
t ens i ty  of the spectral  l i n e  reaches a maximum value 

and then decreases. 

of the substance the in- 
equal to  

A comparison of eqs.(2) and (3) shows that the maximum in tens i ty  i s  propor- 
t i o n a l  t o  the integral in tens i ty  

Thus, not only the in tegra l  but also the maximum intensity of the spec- /373 
t r a l  line can serve as a c r i te r ion  f o r  the concentration of the element being 
determined in a quantitative emission spectral  analysis. To record the maximum 
in tens i ty  of the spectral  l ine ,  t h e  method of spectrometry with time resolution 
i s  used. 

I n  v i e w  of the existence of an analogy between processes of burning of a 
measured quantity of substance and processes of  roasting (Ref.2), the i n i t i a l  
stage of the latter, including the instant of onset of maximum intensi ty ,  can 
also be described by eq.(l). This j u s t i f i e s  use of the proposed method not only 
f o r  analyzing a measured quantity of substance but a l so  f o r  analyzing monolithic 
specimens . 

The presence of a concentration sens i t iv i ty  t o  the maximum in t ens i ty  of the 
spec t ra l  line i s  i l lus tza ted  in Fig.1, where the  time rate of change of the line 
in tens i ty  of Zn I4810 A i s  given f o r  the case of combustion of a measured 
quantity of substance and fo r  the case of roasting of monolithic specimens of 
copper-zinc a l loys  with d i f fe ren t  z i n c  contents. 

Figure 2 shows calibration curves f o r  a quantitative determination of C r y  
Bay  Zn, Mn, Ag, and Pb in solutions and of Mn, C r y  Zn, and N i  i n  a l loys  of mono- 
l i t h i c  specimens, plotted from our  proposed methods in coordinates log imax - - log C. The experimental data were obtained on a photoelectric stylometer 
F'ES-1. A s  spectrum excitation source we used a generator with a GEU-1 elec- 
t ronic  control. 
the substance was recorded on an EPP-Oq electronic  potentiometer. AnFEU-IBA 
photomultiplier was used as radiat ion receiver. 
check the sens i t iv i ty  of the c i r c u i t  we used a miniature 3.5-volt bulb LN whose 
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l i gh t ,  pr ior  to  the measurements and in the in te rva ls  between measurements, was 
made t o  s t r ike  the photomultiplier. 
special  c i rcu i t  made it possible to regulate the filament current and t o  break 
the supply c i r cu i t  of the bulb a t  the required ins tan t  of time. 

The bulb wds powered from a battery. A 

Fig.1 Chang? in the Intensi ty  of the Spectral  L i n e  of 
Zn I 4810 A during Burning of a Measured Quantity 

of Substance. 
a - 1) 2 X gm, 2 )  gm, 3 )  5 x gm and 
during roasting of monolithic specimens; b - 1) 2%, 

2 )  1% 3 )  7%. 

Solutions of Mn, Pb, Zn were analyzed under alternating-current a rc  condi- 
t i ons  a t  a current of 2 - 3 amp and 90’ ign i t ion  phase, while Ag, Ba, and C r  
were  analyzed in a low-voltage spark with a capacitance of 20 - 40 vf and zero 
inductance. 

The investigated chemical elements, from a solution of the sample, were 13’74 
applied i n  drops t o  depressions made i n  copper electrodes. 
sured a concentration of the dry residue over a small area. 
the  latter, an aqueous solution of sucrose was used. 

On drying, t h i s  en- 
To firmly at tach 

The monolithic specimens were investigated under polar conditions of the 
a rc  and a low-voltage spark. Zinc was analyzed i n  an a rc  a t  a current strength 
of 1 amp, while manganese, chromium, and nicke l  were tes ted  i n  a spark with a 
capacitance of 20 - 40 vf and zero inductance. In a l l  cases, the  sample served 
as  the cathode. .The given conditions are characterized by a localized s t r iking 
of the specimen, which permits obtaining well-defined in tens i ty  maxima a t  the 
ini t ia l  instant of discharge. 

Tapered copper rods served as the supporting electrodes f o r  analyzing the 
solutions and monolithic specimens. The ana ly t ica l  in te rva l  was set a t  1.5 m. 

This method permitted us t o  obtain a suf f ic ien t ly  good reproducibil i ty of 
the experimental results. 
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Fig.2 Calibration Curves. 
a - For analysis of so@tions: 1) C r  I 4224.33 1; 

2) Ba 11 4554.04,A; 3) .b 14810.54,A; 
4) Mn 14783.4 A; 5) Ag 105209.07 A; 

6) Pb I 4057.82 A; 
b - For a n a l p i s  of monolithic specimens: 

1) Mn I 4783.4 A (Alumel a@y set of stand%rds 
No.?); 2) C r  I 5204.5 A; 3j Mn 14783.4 A 

( s tee l ,  set of standards No.5);,4) Zn  I 4810.4 
(Cu-Zn al loy);  5) N i  I 47l4.4 A (Cu-Ni alloy).  

L212 The method of quantitative emission spectral  analysis,  based on the 
m i m u m  in tens i ty  of the  spectral  line during the burning of a substance, per- 
mits increasing t h e  sens i t iv i ty  and reducing the  time of analysis  in comparison 
with ordinary methods of spectral  analysis which u t i l i z e  the  integral in tens i ty  
of  spec t ra l  lines without time resolution of the spectra. 

The higher sens i t iv i ty  of spectral  analyses by the proposed method i s  due 
t o  the f a c t  that, during burning of a substance, the maximum r a t i o  of line in- 
t ens i ty  t o  background in tens i ty  i s  reached a t  the  instant  of maximum in tens i ty  
of the  spectral  l ine.  

4 

This r a t i e  is mailer in conventional methods of a n a b s i s  



NASA TT F-10,396 

t h a t  do not use time resolution when recording the in tens i ty  of the spectra. 

Thus, less time f o r  analysis i s  needed with our  methods since complete cow 

When analyzing monolithic specimens there i s  no need 

Thus, in both cases the  exposure time i s  reduced. 

bustion of the investigated specimen i s  not necessary when analyzing a measured 
quant i ty  of the substance. 
t o  conduct preliminary roasting since the concentration i s  determined a t  the 
init ial  stage of roasting. 

It should be pointed out that any change in the spec t ra l  line in tens i ty  
during combustion of the substance, including the  maximum l i n e  in tens i ty  f o r  
monolithic specimens, depends on %he processes of entry or" tne substance. Good 
ca l ibra t ion  curves a r e  obtained when the so-called I1regular1l entry of the sub- 
stance i s  observed, Le., when d i rec t  proportionality exists between concentra- 
t i o n  of the investigated element i n  the specimen and in  the  discharge cloud. 

I n  the presence of mutual influence of the elements, the h-egularll entry of 
the substance i s  disrupted and the calibration curves are not always rec t i -  
linear. Such dependences are observed i n  spectral  analyses based on the maximum 
line in tens i ty  f o r  s i l i con  brasses and copper-nickel binary alloys. 
the method of spec t ra l  analysis based on the maximWa intensity of spectral  lines 
it i s  necessary t o  develop ways and means of eliminating o r  taking into account 
mutual effects of elements. 

Thus, in 
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